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Primary energy consumption for service (potable) water heating accounts for 10% of
total residential and commercial energy used in buildings. This amounts to over 3
guads annually. If all currently installed water heaters were replaced with commercially
available high-efficiency watering heaters, primary energy consumption could be
reduced by one-half (1.5 quads), and save residential and commercial consumers over
$10 billion per year in energy costs. Advanced (or “state-of-the-art”) technologies
could reduce primary energy consumption on even more, by over 2 quads per year.

Unfortunately, high-efficiency and solar water heating units account for less than 1% of
residential and 20% of commercial water heater sales annually. In spite of large
potential savings, the market is resistive to broad acceptance of high-efficiency water
heating equipment. The report presents the status of the market relative to furthering
energy efficiency given the existing technology, cost, market, and institutional barriers.
Promising technologies include: heat pump water heaters, condensing water heaters,
and solar water heaters. Consumer operating cost savings can range from 15%, to
67%, to nearly 100% over the present installed stock. However, as a deterrent to more
sales of efficient equipment, cost barriers are significant in such a cost-competitive
market. Market and institutional barriers are partly due to consumer unawareness, but
other market factors are influencing the situation. Actions to address these barriers
and promote the market for more efficient water heating equipment include research
and development, market transformation, and consumer education.



Table of Contents

[, EXECULIVE SUMMAIY ..ottt ettt e e e e e e e et e e e e e e e e e eeeeeaan s -1
[.A Conventional Water Heaters - Description and Efficiency Characteristics ...1-3
lLA.1 Conventional Water Heaters - Residential..............cccoooviiiiiiiiiiiiiiineceeeeeiis -3
l.LA.2 Conventional Water Heaters - Commercial............cccooviiiiiiiiiiiiiiiiieeeeeeeeiins I-4
1.B Improved Efficiency Water Heaters - Description and Efficiency

(O g P = 104 (=] 151 102 PP UUUPPPRTRTRTN I-5
[.B.1 Heat Pump Water HEAtErS ..........ooieiee e -5
1.B.2 DESUPEINEALEIS.....uiiie e e e e e e e e I-5
1.B.3 Integrated (Space Conditioning and Water Heating) Heat Pumps................ -6
1.B.4 Solar Water HEatiNgG........uuuiiiie et e et e e e e e e eeennnnes -6
1.B.5 High -efficiency Gas OPLiONS......coovi it I-7
I.C  Water Heater Market and COSt StrUCIUIE ...........uuuiiiiiiiiiiieiiiie e I-7
I.C.1 MAFKET OVEIVIEW .....uiiiiieiiiieeiieiie ettt e e e et e e e e e e e e e e enaba e e e eeeeees -7
1.C.2 COSE SIIUCTUIE ..ot e e e e et e e e e e et e e e e e et e e e aennaaeaas -9
I.D  Economics of High-efficiency Water Heating .............ccoovevviiiiiiiii e, [-12
1.D.1 Residential Sector Applications of High-efficiency Water Heating

Options - Economics and Market BarTiers.............ceieeeeieiiiiiiiiiiiiee e eeeeeeiinnns [-13
1.D.2 Commercial Sector Applications of High-efficiency Water Heating

Options - Economics and Market BarTiers.............coieieeiiiiiiiiiiiiiiee e [-16
1.D.3 (0] o Tod (U] o] 1 1S F USSP [-17
I.E Barriers to Increased Market Penetration for High-efficiency Options........ [-18
I [ oY o T [0 Tox i o] o PSSR 1-1
1.1 Overview of Project Scope and the Scope of thiSRepOrt..........coocveeiieiiicieeiiieee 1-3
1.2  AreasOutside the Scope Of thiISPrOJECt ........coiviiiiiiiiee e 1-5
2. Description of Water Heating TeChNOIOgIES..........ceviiiiiiiiiiiiee e 2-1
21  Conventional Gas and Electric Service Water Heaters.........oocoeeiiieeiiiie i 2-1
211 Residential Storage Water HEatEr'S.........cooceii it 2-1
212 Commercial Storage Water HEaEN'S .........oovviieiiiieeiiee e 2-12
213 INCITECt WaLEr HEALEN'S.......eeiiieie ettt 2-13
214 INStaNtaNEOUS WaLer HEBLENS.........coeiiiiiiiiieiieee e 2-14
215 CIrCUIBLING SYSLEIMIS ...ttt st e et e e e e sns e e anbe e e enseeeenes 2-16
216 Combination Water Heating and Space Heating (“Combo Systems”)...........c......... 2-16
2.2 POOI HEBLEIS..... ettt e bt e st e e e ente e e enneeennneeens 2-17
2.3 Electric Heat PUMP HEBLEIS. .......uviiiiie ettt e e 2-18
2.4 DESUPEINEALENS. ....coitiie ittt et st e et e e et e e e nt e e nre e e nnaeeennreeeas 2-23
25 Integrated (Space Conditioning and Water Heating) Heat PUMPS..........cccceivieeeninnns 2-25
2.6 SOlar Water HEAING ....ccveeeiiiie ettt sttt e st e et e e snneeeenneeens 2-25
26.1 Flat Plate COlECLONS......ooiiiiieeieee et 2-27
2.6.2 ADSOIDEr PAELE...... .o s 2-27
2.6.3 (1= 74 0o USRS 2-29
264 AluMINUM EXIFUSION Frame ......coooueiiiiieeciee et 2-30
2.6.5 S U 1= o o RSP 2-30
2.6.6 OVErall ASSEMDIY ...ttt e e e e snre e e ennee e 2-30
2.6.7 Collector Plate PerfOormanCe...........ocueeeiuereiiiee st 2-31
2.6.8 Forced Circulation Heat Transport Loop Controls...........ccceeeierinieneniieenieeece, 2-31
2.6.9 Hot Water Storage and BaCk-Up .........ceeeiiieiiiieeiee e 2-32
2.6.10 Other COllECOr TYPES .. uueieiiieeeiitieeeiiee e etee e etee st et e e st e e s ste e e s saae e e ssae e s snseeesnneeeanseeens 2-32

Table of Contents (continued)



2.6.11 EvaCUated TUDE COlIECLOIS. ... oottt e e e e e e e 2-33

2.6.12 SOlar CONCENMIALONS. ....ccteieiiieeeiiteeesitee et e e etee e ste e e s bt e e sbeeessseeessseeeessseessnseeeanseeesnsenans 2-33
2.6.13 Alternative Heat Transport LOOp CoNfiQUIationS ...........ccueeiiueeeinieesiiee e e siee e 2-33
2.6.14 ThermOSIPNON SYSLEIMS. ....coiiiiiiiiie ettt e e e st e e sree e e snneeesnseeeas 2-36
2.6.15 Integral Collector-Storage SYSLEIMS. .......c.ueeiiiiieiiieeeiie et seee e 2-37
2.6.16 Low Temperature, Pool Heating ColleCtOrS..........oooiiiieiiiiiiiiie e 2-37
2.6.17 Additional INfOrMBLION.......ccueiiiiiie et e et e e e e e snae e e snseeeas 2-38
2.7  Advanced Gas-fired Heat Pump Water HEaters...........cooviiiiiiiiiiiiie e 2-40
2.8  Waste HEAL RECOVENY ....ccooieiiiieieeie ettt e e eas 2-40
3. Overview of Current Water Heater Market ..........ccoooeieiiiiiiiiie e 31
3.1 Oveadl U.S Sdesand Installed Base.........cocceeiiiiiiiiiieiieeeee e 31
311 Residential Water HEaLEr USE .........ooiiiiieiiiie ettt 31
3.1.2 Commercial Water HEater USE..........ooiiiiiiiiiee it 311
3.2  Current Water Heater Manufacturers Market Shares, and Models............ccccovceeenienns 3-14
3.3 Distribution and COSt SLIUCLUIE .........eeeiiiiieeiie et nee s 3-16
3.4  Payback Caculations: High-efficiency Gas Water Heaters.........cccoeevvveveeccciieee e, 3-19
3.5 Barriersfor High-efficiency Water HEaters ...........ooeiiiieiiiiiiiieeeee e 3-26
4. Heat Pump Water Heater (HPWH) Market ..o 4-1
4.1  History of HPWH DeVEIOPIMENL ......c.eiiiiiiiiiiieeiiie ettt e e seee e sneee e 4-1
4.1.1 SAIES Of HPWHS.......eieeee ettt st een e naeennee s 4-1
412 EPRI, DOE, and Utility Programs...........cocuee e 4-2
4.2  Current HPWH Manufacturers, Models, and PriCeS..........cccceiieieiiiieiniie e 4-3
4.3  Distribution @nd COSt SEIUCLUIE ......ccouevieiiiieeiiee ettt e e sneee e 4-5
4.4  Estimated High Volume Manufacturing Cost; Comparison with Room

| o] 4o 11 0] T= £ TP 4-7
45  SUCCESSIUI APPIICALIONS .....coiieiiieiiiee ettt sna e e snne e e snneeeas 4-8
4.6  Comparing HPWH with Conventional OptionS...........ccceiieiiiiiieeiiiee e see e 4-8
46.1 Residential APPlICALIONS........cocueiiiiiie it sree e 4-8
4.6.2 Commercial APPHCALIONS.......coiueiieiiie e 4-19
A7  BarmiersSTor HPWHS ...ttt 4-22
4.7.1 Industry Structure: Manufacturing and Distribution.............ccocceeiieeiiiie e, 4-22
4.7.2 COMPELILION TrOM GES.....ceieiiiiiiie e e e e 4-23
4.7.3 SYSEEM COMPIEXITY ..ot e e nnee e 4-23
4.8  Detalled Payback AnalySIS RESUILS........ccceiiiiiiiiie e 4-24
481 Residential APPlICALIONS.........ccuuiiiiiieiii e 4-24
4.8.2 Commercial APPHCALIONS.......coiueiiiiiie e e e 4-38
5. Solar Water Heating M arket ...........oooiiiiiiiieiiieeeiie et 51
5.1  History of Solar Water Heating Development ...........ccoooeieiiieeiiiee e 51
511 Sales Trends of Solar Water Heating SyStemS.......coooveeeiiieiiiie e 51
512 ULHITY PrOQraImS......co ottt ettt e e e e e snne e e snnee e 5-6
5.1.3 TeChNOIOGY TIENAS......coieieeiie et e e e e 5-8
5.2  Current Solar Equipment Manufacturers, Models, and Prices..........cccccvveeiiinnnieenne 5-9
5.3  Distribution and COSt SLIUCLUIE .........eeeiiiie et e e 5-10
54  Estimate of Costs/Pricesin Mass ProdUCLION...........cocueieiiieeiiieeiiiee e 5-17
54.1 Flat Plate Solar Collector Cost ANAlYSIS.......ccoiuiiiiiiiiiie e 5-17
5.4.2 (DS o U1 o] 0 SRR 5-20

Table of Contents (continued)



5.5  Payback CalCUIBLIONS.........cccuiiiiiieiie et e e s 5-21

o G = 7= [ SRR 5-27
5.6.1 Industry Structure and DiStriDULION ..........ccueiiiiiriiiiie e 5-27
5.6.2 (@00 011 ="o: (0] g =l [1 = 1 o] o USRS 5-28
5.6.3 SYSLEM COMPIEXITY ..o e e enee e 5-28
5.6.4 ECONOMIC BAITIEIS ... .uiiii ettt ettt e e et e e e e nr e e e e e enaneeeaas 5-28
5.6.5 OtNEN BalTIEYS....cc e ettt e e e e e e e e e et e e e e s nr e e e e e snaaeeeenanreeas 5-29
6. Statusof the Combination Space Heating and Water Heating Market ........................ 6-1
6.1  DESUPEINEALENS.......eeiiiiiie et e e eneeas 6-1
6.1.1 Overal U.S. Sales and Marketing...........cc.eeeiieriiieiiiiieeneee e 6-1
6.1.2 Desuperheaters Distribution Paths and Cost Structure.............ccoceeeeviieeeecccieeeeeee, 6-2
6.1.3 Payback Calculation Residential Retrofit Desuperheater ............cccoovevieiiiiieennenne 6-3
6.1.4 Barriers for Desuperheater Water HEating..........cooveeeiiieeiiiie e 6-4
6.2  Integrated (Space Conditioning and Water Heating) Heat PUMPS..........ccccoeviieenieeennnen. 6-5
6.2.1 CUrrent ManUFACLUNEI'S. ........uee ettt e s e e enneas 6-6
6.2.2 Distribution and COSt SEFUCLUIE.........ccveiiiiiieiiiee e 6-6
6.2.3 ACVANTAGET BAITIENS.....ceiiiiieeiiie e etee ettt st et e e s s e e e sate e e snae e e snreeesnneeeas 6-6
6.3  Combination Water Heating and Space Heating (“Combo Systems’) .......ccoecevevveeennnen. 6-7
6.3.1 Overal U.S. Sales and Markets...........oooiuiiiiiiriiiieeeeeee e 6-7
6.3.2 CUrrent ManUFACLUNEI'S. .........eeiiie ettt e e e e e snneas 6-9
6.3.3 Distribution and COSt SEFUCLUNE.........cccveieiiiie e 6-10

6.3.4 2T g (1< G TR TR RRRRRRRRRTTI 6-10



Whereto find this report...

The full report Market Disposition of High-Efficiency Water Heating Equipment is available
from:

National Technical Information Services
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161
703-487-4650

Request NTIS Publication PB97-145379.



